The mortal risks of acute episodes such as the London smog of December 1952 are well recognised, but the insidious effects of lesser but more continuous atmospheric pollution are less clearly understood. Contrasts in bronchitic mortality between Great Britain and Scandinavia, and between town and country in the United Kingdom, strongly suggest that such effects are important. Uncovering the aetiology of a slowly progressive disease like chronic bronchitis involves the study of its evolution from trivial illness to ultimate death and its relation to other respiratory diseases. As a step towards this, we have used the sickness absence experience of British civil servants to supplement the usual mortality data available from the Registrar General's publications.
The British Civil Service offers considerable advantages as a population for epidemiological study. Numbering some 600 000, it has standard conditions of sick pay and superannuation and contains large groups, uniform in pay and job, widely distributed throughout the United Kingdom. The individual sickness absence records, giving the dates of onset and return to work and the certified diagnosis, are available for the whole of an employee's service and are afterwards retained for 10 years. They present a unique opportunity both for longitudinal studies of the natural history of disease and for the more usual cross-sectional study of current morbidity experience. The potential value of these data is evident in fig. 1 , which shows the distribution of the average time lost through sickness absence by postmen in different parts ofthe United Kingdom. This morbidity pattern again suggests the hazards to health of urban life which are so clearly implied by the urbanrural contrast in bronchitis mortality.
The limitations of such material must, however, be emphasised. Any Pemberton and Goldberg (1954) , who correlated bronchitis mortality in the county boroughs of England and Wales with measurements of sulphur dioxide and smoke concentration, could obtain such data for only 37 ofthem. Daly (1954) 1936 -7 and 1937 -8 (Durst, 1940 The independent associations between the mortality rates and the indices of pollution, population density and domestic overcrowding have been expressed by second order productmoment correlation coefficients which allowed for variation in the other two factors. Any skew distributions were brought to approximate normality by transformations of the general type log (a + x), where the value of a was chosen to bring the median of the distribution to the midpoint of the range (table 3) .
The association of bronchitis mortality with the fog index in both sexes is highly significant; with population density and domestic overcrowding, it falls below the 5 per cent significance level.
Male pneumonia mortality is significantly correlated with fog and population density; for females, however, the coefficients, although ranked in the same order as for males, are not significantly high.
Because there are so few certified deaths, any relationship between influenza mortality and the other indices may be obscured; but the ranking of the coefficients is similar in both sexes and the correlations are greatest with fog.
Fog bears no direct relationship to pulmonary tuberculosis mortality, which shows a significant relationship in each sex to domestic overcrowding. Death in both sexes from pulmonary tuberculosis and cancer of the lung shows high associations with population density. Neither male nor female lung cancer death rates show any relation to fog or domestic overcrowding. For these three populations the sample survey provided attack rates averaged over the eight years for all absences certified as due to the main categories ofrespiratory illness. These categories, chosen to give rates based on reasonable numbers, are shown in table 6. It may be noted that they differ from those of the mortality study. Diseases such as cancer of the lung and pulmonary tuberculosis cause few spells of sickness absence; conversely, very few deaths are certified as due to upper respiratory disease and comparatively few from influenza. Moreover, the same diagnosis which appears in certificates of both death and sickness absence may indicate illness that is different in kind as well as degree. Thus deaths from influenza are due chiefly to its pulmonary complications, while sickness absence generally relates to the uncomplicated initial illness.
In four areas, the sample populations were too small for analysis in this detail. Correlation coefficients were again calculated with the same indices but only in the remaining 33 areas. As in the case ofpostmen, age-standardisation was unnecessary for indoor males, but for indoor females we used a standardised of the observed attack rate in each area to that expected in the same population at total sample survey age-sex specific rates. The results are shown in table 7.
Variability due to the rather small numbers of staff sampled in each may have reduced the number of significant results, and these respiratory attack rates are more usefully studied in the section that follows.
The only formally significant relationships are those of influenza with domestic overcrowding in both male populations. Despite this, the pattern of these coefficients can with advantage be compared with previous results. The association of bronchitis and pneumonia absence with fog approaches significance in all three populations, repeating at a lower level the significant relationship to fog of bronchitis wastage and death. Colds and sore throats present no features of interest.
Analysis of morbidity sample data by age and presumptive air pollution For the more detailed analysis of morbidity in relation to air pollution, age, sex and job, the 37 areas were ranked according to the level of the fog index and divided into quartiles with nearly equal populations as shown in table 1. Within each of the pollution groups of areas age-specific attack rates were calculated for the same diagnostic categories in each Civil Service population. To show the trend of sickness in relation to air pollution, age-standardised attack rates were calculated by averaging these age-specific rates within each pollution group. Conversely, averaging the age-specific rates over the four pollution groups gave the agetrend in morbidity after allowing for differences between these groups in their age structure. Table 8 and figure 2 show the age-standardised attack rates for each diagnostic category plotted against the logarithm of the median fog index in each pollution group. Table 9 and figure 3 show attack rates in the same populations, standardised for the fog index, in five age groups from 15 to 59 years. Bronchitis and pneumonia attack rates in postmen and indoor males are closely similar in fog Groups I and 1 1; but there is a wide gap between the attack rates for postmen and indoor males in the more foggy districts. The attack rate for indoor males, unlike that for postmen, shows no rise with age until 35-44 years. It then rises in parallel with that for postmen. Indoor males thus have about the same attack rate as postmen 20 years younger. There is little difference between indoor males and females in any pollution or age group; the slight female excess in early life and male excess after age 45 is barely significant.
For colds, sore throats, etc. the rate for postmen diverges from that for indoor males with increasing pollution and the gap widens relatively and absolutely from fog Group I to IV. In contrast to that for bronchitis and pneumonia, however, the attack rate in both occupations is highest at 15-24 years and decreases progressively with age. The curve is steeper in postmen and the absolute and relative gap between the two rates progressively decreases. There is an indoor female excess over indoor males at all ages but especially before 35 years.
The influenza attack rate shows a difference between postmen and indoor males, which is unaffected by age but is relatively large in fog Groups III and IV. There is no important difference between indoor males and females. Industrial Research, 1955) . On the other hand, the independent relation of these rates to population density may well result from variation in morale and sickness absence in general with the size of the working group (Acton Society Trust, 1953) . Morale may be better in the small rural offices where the contact between management and staff can be more personal. Similarly, a peak at the menopausal age in all female sickness absence rates is of a general nature and not restricted to any particular diagnostic category.
An urban excess in respiratory disease could be due to increased opportunities for infective contact. The higher influenza attack rates among male staff in areas with much domestic overcrowding, like the corresponding death rates from pulmonary tuberculosis, emphasise the importance of cross-infection in respiratory morbidity. The absence of such a correlation among single female staff may be explained by the lesser risk of their contact with infection from school children in the home.
Increased opportunities for cross-infection outside the home might be suggested by the correlation between population density and mortality from pulmonary tuberculosis and pneumonia. On the other hand, the corresponding correlation for cancer of the lung can hardly have the same basis. Neither pulmonary tuberculosis nor lung cancer is directly related to local fog frequency. No support is therefore given to the suggestion of Stocks and Campbell (1955) that air pollution contributes appreciably to the genesis of lung cancer. Lowe (1956) found that the notification rate for pulmonary tuberculosis among older subjects of both sexes was related to smoking frequency, which suggests that this is the urban factor common to middle-age mortality both from this disease and from cancer of the lung. Although, according to a recent report, the current urbanrural gradient in cigarette smoking is small (Todd, 1957) , it may have been greater in previous decades.
Smoking could also explain the relationship between male pneumonia mortality and population density, particularly in view of the possible diagnostic confusion with lung cancer. No evidence on the effect of smoking on the incidence ofbronchitis emerges from this study. The urban-rural gradient in bronchitic mortality or serious morbidity can be explained by local variations in fog frequency. The excess of bronchitic morbidity in indoor male staff over 45 years of age compared with their female colleagues, which might be attributable to smoking (Oswald and Medvei, 1955) , is small, though consistent with previous findings (Reid, 1956; Higgins, 1957) and with the excessive male mortality in later life. But without further information, the relevance of smoking to bronchitis in the occupational groups surveyed cannot be assessed.
Summary
Respiratory sickness and death rates obtained from various sources have been related to indices of air pollution and other urban characteristics in different areas of the United Kingdom.
Sickness absence data, derived from a survey among civil servants, allowed comparisons between outdoor postmen and indoor male office workers, and between men and women doing the same work in the same indoor environment. Attack rates from four major types of respiratory illness have been calculated in these groups for 37 urban and rural areas of the United Kingdom. From routinely collected data on the experience of postmen, the rates for death and permanent disablement from chronic bronchitis and the total time lost through sickness have been calculated for the same areas.
These Civil Service data have been collated with death rates from bronchitis, pneumonia, pulmonary tuberculosis, cancer of the lung and influenza among the general middle-aged population (45-64 years) ofboth sexes in these 37 areas over the same period. Both mortality and morbidity rates have been correlated with three indices of local environment: frequency of fog, number of persons per acre and percentage of persons living more than two to a room.
The trends with age and with fog frequency in the respiratory attack rates have also been examined.
Analysis of the material suggests that, apart from general influences affecting sickness absence, such as group morale or the "menopausal peak", environmental factors influence the distribution of respiratory disease in the populations surveyed. Severe bronchitis causing permanent disablement and death among postmen exposed by their job to atmospheric conditions is uniquely related to the frequency of fog, and, presumably, to the level of air pollution. These rates in a group whose job and pay are uniform throughout the country run parallel to local bronchitis death rates in middle age. Variations in the latter are not related to population density or to domestic overcrowding, and may thus result from a specific effect of air pollution on respiratory disease.
The high incidence of influenza morbidity and tuberculosis mortality in areas with much domestic overcrowding emphasises the importance of cross-infection in the home. Some of the excessive urban mortality from pulmonary tuberculosis and pneumonia may also be due to increased opportunities for infection; but the singular association of lung cancer mortality with population density and not with the fog index of air pollution suggests that urban-rural differences in smoking habits may have affected the risk of death from three major causes of respiratory mortality: lung cancer, pulmonary tuberculosis and, perhaps, pneumonia. The relevance of smoking habits to bronchitis could not be assessed from the available data.
